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(57) ABSTRACT 

The present invention provides an atherectomy catheter 
Which has a cutting element that is able to out both soft tissue 
and hard tissue, and methods of cutting material from a blood 
vessel lumen using a rotating cutting element. The cutting 
element has a sharp cutting edge that surrounds a cup-shaped 
surface and at least one surface of abrasive material. The 
cup-shaped surface directs the cut material into a tissue cham 
ber. The cutting edge and the cup-shaped surface together are 
Well suited to cut and remove relatively soft tissue from the 
blood vessel. The abrasive material surface in combination 
With the cutting element is Well suited to abrade and remove 
hard material from the blood vessel. 
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FIG. 5 
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METHODS AND DEVICES FOR CUTTING 
AND ABRADING TISSUE 

[0001] This application claims the bene?t of US. Provi 
sional PatentApplicationNo. 61/ 173,845, ?ledApr. 29, 2009, 
entitled “Methods and Devices for Cutting/Abrading Tissue”, 
the contents of Which are hereby incorporated by reference 
herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates to catheters used to 
remove material from a site in a body lumen. More particu 
larly, this invention pertains to cutters capable of removing 
both soft and hard material from the site. 

BACKGROUND OF THE INVENTION 

[0003] Atherosclerosis is a progressive disease of the vas 
cular system Whereby atheroma is deposited on the inner 
Walls of blood vessels. Over time atheromatous deposits can 
become large enough to reduce or occlude blood ?oW through 
the vessels, leading to symptoms of loW blood ?oW such as 
pain in the legs (on Walking or at rest), skin ulcer, angina (at 
rest or exertional), and other symptoms. To treat this disease 
and improve or resolve these symptoms it is desirable to 
restore or improve blood ?oW through the vessel. 
[0004] Various means are used to restore or improve blood 
?oW through atheromatous vessels. The atheroma deposits 
can be displaced by diametrically expanding the vessel by 
in?ating balloons, expanding stents, and other methods. 
HoWever these methods undesirably tear and stretch the ves 
sel, causing scar formation in a high percentage of patients. 
Such scar tissue (restenotic material), once formed, blocks 
How in the vessel and often needs to be removed. The deposits 
can be pulveriZed using lasers and other methods. HoWever 
pulveriZation alone of atheromatous material alloWs micro 
emboli to How doWnstream and lodge in distal vascular beds, 
further compromising blood How to the tissue affected by the 
disease. Atherectomy catheters can be used to remove athero 
matous deposits from the blood vessel and can present an 
ideal solution When the atheromatous debris removed from 
the vessel is captured and removed from the body. 
[0005] One problem that occurs When removing material 
from a blood vessel is that the material may be either soft or 
hard. Typically, restenotic scar is soft yet tough While 
atheroma varies in texture from soft With little structure, to 
soft yet ?brotic, to densely ?brotic (hard). Any or all of these 
restenotic or atheromatous tissues may be calci?ed and the 
calci?ed tissues can be extremely hard. The hardness and 
toughness characteristics of the material needing to be cut 
from the vessel may vary along the length of the vessel, 
around the circumference of the vessel, or both. Further, the 
portion of the vessel to be treated can be quite extensive. For 
example, the portion of the vessel to be treated can extend 
over a vessel length of 200 mm or longer. As such, the cutting 
element of an atherectomy catheter should be able to cut both 
hard tissue and soft tissue. 

SUMMARY OF THE INVENTION 

[0006] The invention provides an atherectomy catheter 
comprising: a body having an opening; a rotatable shaft 
coupled to the body; a tissue collection chamber coupled to 
the body and positioned distal to the cutting element; and a 
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cutting element coupled to the rotatable shaft for rotating the 
shaft about a longitudinal axis, the cutting element having a 
cup-shaped surface and a cutting edge, the cup-shaped sur 
face being con?gured to re-direct tissue cut by the cutting 
edge in a distal direction When the cup-shaped surface moves 
in the distal direction, and the cutting element having at least 
one abrasive surface. The invention also provides a method of 
removing material from a body lumen, the method compris 
ing: providing an atherectomy catheter, placing the catheter in 
the body lumen; and moving the catheter in the body lumen to 
contact the cutting element With the material in the body 
lumen. 
[0007] The present invention provides an atherectomy 
catheter Which has a cutting element that is able to cut both 
soft tissue and hard tissue, and methods of cutting material 
from a blood vessel lumen using a rotating cutting element. 
The cutting element has a sharp cutting edge that surrounds a 
cup-shaped surface and at least one surface of abrasive mate 
rial. The cup-shaped surface directs the cut material into a 
tissue chamber. The circumferential cutting edge and the 
cup-shaped surface together are Well suited to cut and remove 
relatively soft tissue from the blood vessel. The abrasive 
material surface in combination With the cutting element is 
Well suited to abrade and remove hard material from the blood 
vessel. 
[0008] These and other aspects of the invention Will 
become apparent from the folloWing description of the pre 
ferred embodiments, draWings and claims. The details of one 
or more embodiments of the invention are set forth in the 
accompanying draWings and the description beloW. Other 
features, objects, and advantages of the invention Will be 
apparent from the description and draWings, and from the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 illustrates an isometric vieW of an atherec 
tomy catheter. 
[0010] FIG. 2 illustrates an isometric cross-sectional vieW 
of a portion of the atherectomy catheter illustrated in FIG. 1 
With a cutting element in a stored position. 
[0011] FIG. 3 illustrates an isometric cross-sectional vieW 
of a portion of the atherectomy catheter illustrated in FIG. 1 
With a cutting element in a Working position. 
[0012] FIG. 4 illustrates an isometric vieW of an embodi 
ment of a cutting element. 

[0013] FIG. 5 illustrates an end vieW of an embodiment of 
a cutting element. 

[0014] FIG. 6 illustrates an isometric cross-sectional vieW 
of an embodiment of a cutting element. 

[0015] FIG. 7 illustrates an end vieW of another embodi 
ment of a cutting element, Which may be used With the 
atherectomy catheter of FIG. 1. 
[0016] FIGS. 8 and 8A illustrate an isometric vieW of the 
raised elements of the cutting element of FIG. 7. 
[0017] FIG. 9 illustrates an isometric side vieW of a portion 
of the atherectomy catheter illustrated in FIG. 1 With another 
embodiment of a cutting element in a Working position. 
[0018] FIG. 10 illustrates an isometric vieW of the cutting 
element illustrated in FIG. 9. 

[0019] FIG. 11 illustrates an isometric vieW of a further 
embodiment of a cutting element suitable for use With the 
atherectomy catheter illustrated in FIG. 1. 
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[0020] FIG. 12 illustrates an isometric vieW of one embodi 
ment of a subassembly used to produce the cutting element 
illustrated in FIG. 11. 
[0021] FIGS. 13A, 13B, 14A, 14B, 15A and 15B illustrate 
isometric vieWs of other embodiments of cutters and cutter 
subassemblies suitable for use With the atherectomy catheter 
illustrated in FIG. 1. 
[0022] FIGS. 16A and 16B illustrate an isometric vieW of 
further embodiments of a cutter and a subassembly suitable 
for use With the atherectomy catheter illustrated in FIG. 1. 
[0023] FIG. 17 illustrates an isometric vieW of another 
embodiment of a subassembly used to produce the cutting 
element illustrated in FIG. 11. 
[0024] FIGS. 18A, 18B and 18C illustrate schematic vieWs 
of methods of using catheters having embodiments of cutting 
elements in a human body. 

DETAILED DESCRIPTION 

[0025] The invention provides an atherectomy catheter 
comprising: a body having an opening; a rotatable shaft 
coupled to the body; a tissue collection chamber coupled to 
the body and positioned distal to the cutting element; and a 
cutting element coupled to the rotatable shaft for rotating the 
shaft about a longitudinal axis, the cutting element having a 
cup-shaped surface and a cutting edge, the cup-shaped sur 
face being con?gured to re-direct tissue cut by the cutting 
edge in a distal direction When the cup-shaped surface moves 
in the distal direction, and the cutting element having at least 
one abrasive surface. In one embodiment, the cutting edge is 
a radially outer edge of the cutting element. In an embodi 
ment, the catheter comprises a raised element extending out 
Wardly from the cup-shaped surface of the cutting element. In 
one embodiment, the cutting edge is a radially outer edge of 
the cutting element and the raised element is recessed proxi 
mally from the cutting edge When vieWed along the longitu 
dinal axis. 
[0026] In an embodiment, the cutting element is movable 
betWeen a stored position and a cutting position relative to the 
opening. In one embodiment, the cutting element is moved 
betWeen the stored position and the cutting position by sliding 
the cutting element against a cam surface. In an embodiment, 
a distal portion of the catheter relative to a proximal portion is 
de?ected by sliding the cutting element against the cam sur 
face. 

[0027] In embodiments of the invention, the abrasive sur 
face is ?ush, recessed, or elevated in relation to adjacent 
non-abrasive cutting element surfaces. In an embodiment of 
the invention, the cutting element has a major diameter D in 
the range of 0.030 to 0.100" (0.076 to 0.25 cm). In one 
embodiment, the cutting element has a major diameter D of 
0.061" (0.15 cm). In an embodiment, the cutting element 
comprises one abrasive surface, and in another embodiment 
the cutting element comprises tWo or more abrasive surfaces. 
The tWo or more abrasive surfaces can comprise at least tWo 
surfaces having different abrasive properties. In one embodi 
ment, the abrasive surface is comprised of abrasive material 
that has been attached to the cutting element. The abrasive 
material may comprise diamond plate. In one embodiment, 
the abrasive material has a particle siZe of 10 to 800 microns. 
In one embodiment, the abrasive surface has been produced 
Without attaching abrasive materials to the cutting element. 
The abrasive surface can be produced by knurling, grit blast 
ing, etching, or laser ablation. 
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[0028] In an embodiment of the invention, the abrasive 
surface is on at least a portion of an outer, major diameter 
surface of the cutting element. The outer, major diameter 
surface may be parallel to a longitudinal axis LA of the 
cutting element. In one embodiment, the abrasive surface is 
on a proximal shoulder surface of the cutting element. In an 
embodiment, one or more abrasive surfaces are on the entire 
outer, major diameter surface of the cutting element. In an 
embodiment of the invention, the abrasive surface is on at 
least the cup-shaped surface. In another embodiment, the 
abrasive surface is on the raised element. In another embodi 
ment, the cutting element comprises tWo or more abrasive 
surfaces having different abrasive properties and the at least 
tWo surfaces having different abrasive properties are both on 
a portion of an outer, major diameter surface of the cutting 
element. 

[0029] The invention also provides a method of removing 
material from a body lumen, the method comprising: provid 
ing an atherectomy catheter, placing the catheter in the body 
lumen; and moving the catheter in the body lumen to contact 
the cutting element With the material in the body lumen. In 
one embodiment, the catheter is moved in a distal direction to 
contact the cutting edge With the material in the body lumen. 
In another embodiment, the catheter is moved in a proximal 
direction to contact the abrasive surface With the material in 
the body lumen. In an embodiment, the abrasive surface is on 
a proximal shoulder surface of the cutting element. In an 
embodiment, the catheter is placed in the body lumen With the 
cutting element in the stored position and the catheter is 
moved to contact the material With the cutting element in a 
cutting position. 
[0030] Referring to FIGS. 1 to 4, an atherectomy catheter 2 
is shoWn Which has a cutting element 4, Which is used to cut 
material from a blood ?oW lumen such as a blood vessel. The 
cutting element 4 is movable betWeen a stored position (FIG. 
2) and a cutting position (FIG. 3) relative to an opening 6 in a 
body 8 of the catheter 2. The cutting element 4 moves out 
Wardly relative to the opening 6 so that a portion of the 
element 4 extends outWardly from the body 8 through the 
opening 6. In one embodiment the cutting element 4 may be 
positioned relative to the body 8 and opening 6 so that less 
than 90 degrees of the cutting element 4 is exposed to cut 
tissue. In other embodiments more of the cutting element 4 
may be exposed Without departing from numerous aspects of 
the invention. 

[0031] Distal end of catheter 2 is positioned near a treat 
ment site of a vessel With cutting element 4 in the stored 
position. Then catheter 2 is moved distally through the vessel 
With the cutting element 4 in the Working or cutting position 
as described in further detail beloW. As the catheter 2 moves 
through the blood vessel With the cutting element 4 in the 
Working or cutting position the tissue material is cut by the 
cutting element 4 and is directed into a tissue chamber 12 
positioned distal to the cutting element 4. The tissue chamber 
12 may be someWhat elongated to accommodate the tissue 
Which has been cut. 

[0032] To expose cutting element 4 through opening 6 cut 
ting element 4 is moved proximally from the stored position 
so that a cam surface 14 on the cutting element 4 engages a 
ramp 16 on the body 8 of the catheter 2. The interaction 
betWeen the cam surface 14 and the ramp 16 causes the 
cutting element 4 to move to the cutting position and also 
causes a tip 18 to de?ect Which tends to move the cutting 
element 4 toWard the tissue to be cut. 
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[0033] The cutting element 4 is coupled to a shaft 20 that 
extends through a lumen 21 in the catheter 2. Catheter 2 is 
coupled to exemplary cutter driver 5. Cutter driver 5 is com 
prised of motor 11, poWer source 15 (for example one or more 
batteries), microsWitch (not shoWn), housing 17 (upper half 
of housing is removed as shoWn), lever 13 and connection 
assembly (not shoWn) for connecting shaft 20 to driver motor 
11. Cutter driver 5 can act as a handle for the user to manipu 
late catheter 2. Lever 13, When actuated to close a 
microsWitch, electrically connects poWer source 15 to motor 
11 thereby causing rotation of cutting element 4. The cutting 
element 4 is rotated about a longitudinal axis LA When the 
shaft 20 rotates. The cutting element 4 is rotated about 1 to 
160,000 rpm but may be rotated at any other suitable speed 
depending upon the particular application. Further descrip 
tion of catheters similar to catheter 2 are found in Us. patent 
application Ser. No. 10/027,418 (published as US 2002/ 
0077642 A1) to Patel et al., entitled “Debulking Catheter”, 
the contents of Which are incorporated by reference herein. 
[0034] Referring to FIG. 5, the cutting element 4 is shoWn 
When vieWed along the longitudinal axis LA. The term “along 
the longitudinal axis” as used herein shall mean for example 
the vieW of FIG. 5 that shoWs the distal end of the cutting 
element 4 When vieWed in the direction of the longitudinal 
axis and/or the axis of rotation. The cutting element 4 has a 
cutting edge 22 that may be a continuous, uninterrupted, 
circular-shaped edge although it may also include ridges, 
teeth, serrations or other features Without departing from the 
scope of the invention. The cutting edge 22 may be at a 
radially outer edge 23 of the cutting element 4 When the 
cutting element 4 is in the cutting position. 
[0035] The cutting element 4 has a cup-shaped surface 24, 
Which directs the tissue cut by the cutting edge 22 into the 
tissue chamber 12. The cup-shaped surface 24 may be a 
smooth and continuous surface free of throughholes, teeth, 
?ns or other features, Which disrupt the smooth nature of the 
surface 24 for at least half the distance from the longitudinal 
axis LA to the outer radius at the cutting edge 22. The cup 
shaped surface 24 may also be free of any such features 
throughout an area of at least 300 degrees relative to the 
longitudinal axis LA. 
[0036] Referring to FIGS. 4 to 6, one or more raised ele 
ments 26 extend outWardly from the cup-shaped surface 24 
With FIG. 5 shoWing tWo raised elements 26. The raised 
element 26 is a small Wedge of material that rises relatively 
abruptly from the cup-shaped surface 24. The raised element 
26 has a ?rst Wall 30 and a second Wall 32 that both extend 
radially and form an angle of about 20 degrees therebetWeen 
so that the tWo raised elements 26 together occupy an area of 
about 40 degrees and altogether may be less than 60 degrees. 
A third Wall 34 extends betWeen the radially inner portion of 
the ?rst and second Walls 30, 32. The raised element 26 helps 
to break up hard tissue and plaque by applying a relatively 
blunt force to the hard tissue or plaque since cutting such 
tissue With the cutting edge 22 is often not effective. 
[0037] The raised elements 26 altogether occupy a relative 
small part of the cup-shaped surface 24. The raised elements 
26 together may occupy less than 5% of a surface area of the 
cutting element 4. The term “surface area of the cutting ele 
ment” as used herein shall mean the surface area Which is 
radially inWard from the outer or cutting edge 22 and is 
exposed When vieWed along the longitudinal axis LA. Stated 
another Way, at least 95% of the surface area of the cutting 
element is a smooth cup-shaped surface When vieWed along 
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the longitudinal axis. By siZing and positioning the raised 
element 26 in this manner, the raised element 26 does not 
interfere With the ability of the cutting element 4 to cut and 
re-direct tissue into the tissue chamber While still providing 
the ability to break up hard tissue and plaque With the raised 
element 26. 

[0038] The raised element 26 may be recessed from the 
cutting edge 22 longitudinally and/ or radially. The raised 
element 26 may be recessed longitudinally from the cutting 
edge 0.0010 to 0.0020 inch (0.0025 to 0.0051 cm) and may be 
about 0.0015 inch (0.0038 cm). The raised element 26 may be 
recessed radially from the cutting edge 22 by about the same 
amount. A distal Wall 38 of the cutting element 4 forms a ?at 
surface 40, Which is perpendicular to the longitudinal axis LA 
so that the entire surface is recessed the same distance from 
the cutting edge. The distal Wall 38 may take any other shape, 
such as a curved shape, or may be tilted, inclined or beveled 
as noW described. 

[0039] Referring to FIGS. 7 and 8, another cutting element 
4A is shoWn Wherein the same or similar reference numbers 
refer to the same or similar structure and all discussion con 
cerning the same or similar features of the cutting element 4 
are equally applicable here. The cutting element 4A has a 
cutting edge 22A that may be a continuous, uninterrupted, 
circular-shaped edge although it may also include ridges, 
teeth, serrations or other features Without departing from the 
scope of the invention. The cutting edge 22A may be at a 
radially outer edge 23A of the cutting element 4A When the 
cutting element 4A is in the cutting position. The cutting 
element 4A has a cup-shaped surface 24A that directs the 
tissue cut by the cutting edge 22A into the tissue chamber 12 
(see FIG. 2). The cup-shaped surface 24A may be a substan 
tially smooth and continuous surface as described above in 
connection With the cutting element 4. 
[0040] One or more raised elements 26A extend outWardly 
from the cup-shaped surface 24A. FIG. 8 shoWs four raised 
elements 26A but may include any number such as 2, 3, 4, 6 
or 8 raised elements. The raised element 26A is a small Wedge 
of material that rises relatively abruptly from the cup-shaped 
surface 24A. The raised element 26A has a ?rst Wall 30A and 
a second Wall 32A Which both extend radially and form an 
angle of about 1 to 30 degrees therebetWeen so that the four 
raised elements 26A together occupy an area of about 4 to 60 
degrees and altogether may be less than 60 degrees altogether. 
A third Wall 34A extends betWeen the radially inner portion of 
the ?rst and second Walls 30A, 32A. The raised elements 26A 
may occupy a relative small part of the cup-shaped surface 
24A and may be recessed from the cutting edge 22A in the 
manner described above in connection With the cutting ele 
ment 4. 

[0041] A distal Wall 38A of the cutting element 4A has a 
surface 40A that forms an angle of about 30 to 90 degrees With 
respect to the longitudinal axis LA. The entire surface 40A 
may still be someWhat close to but recessed from the cutting 
edge 22A so that the entire surface 40A is 0.0010 to 0.0050 
inch (0.0025 to 0.013 cm) from the cutting edge. An edge 50 
formed at the intersection of Wall 30A and distal Wall 38A is 
closer to the cutting edge 22A than an edge 52 formed at the 
intersection of Wall 32A and distal Wall 38A. The cutting 
element 4A may be rotated in either direction so that the 
raised edge 50 may be the leading or trailing edge. The raised 
edge may be 0.0010 to 0.0020 inch from the cutting edge. The 
raised elements 26A may all be formed in the same manner or 
may be different from one another. For example, some of the 












